Objective: The study is aimed at demonstrating the effectiveness of intravenous immunoglobulin (IVIg) in resistant lupus nephritis. Lupus nephritis was considered resistant when it failed to show adequate clinical and laboratory response to treatment with steroid, azathioprine and pulse cyclophosphamide in combination for a period not less than 1 year. Methods: During the past 7 years 4 subjects (M = 1, F = 3) with systemic lupus erythematosus (SLE) and lupus nephritis WHO IV were selected to receive IVIg. Their age ranged from 19 to 48 years. The 3 female patients had severe extrarenal manifestations including skin rash, photosensitivity, fever, headache and severe polyarthralgia requiring large doses of analgesics. The male patient had steroid-dependent, relapsing autoimmune hemolytic anemia (AIHA) in addition to extrarenal manifestations. All subjects had microscopic hematuria, proteinuria (2-6 g/24 h), hypoalbuminemia (24-33 g/l), mild renal impairment (serum creatinine 90-160 Ìmol/l) and active serology for SLE. These patients had not responded satisfactorily to several courses of steroids, azathioprine and pulses of intravenous cyclophosphamide in 23-180 months. All 4 patients were started and continued on IVIg as per our protocol. Results: During the 9 months to 7.5 years of follow-up, these patients showed excellent response to IVIg. Their extrarenal symptoms had totally disappeared, serological activity subsided, proteinuria decreased (0.5-2 g/ 24 h), serum albumin improved (30-42 g/l) and renal function remained stable. The subject with AIHA did not suffer any further relapses and his hemoglobin remained above 110 g/l with only 10 mg of prednisolone daily. Repeat renal biopsy done in 2 patients showed definite histological reversal of active lesions. Clinical and immunological improvements might be related to the modulation of macrophage T cell function and enhancement of suppressor T cell function. Conclusion: IVIg has shown excellent therapeutic effect as an alternative drug in treatment of renal and extrarenal manifestations of SLE, which are resistant to other modalities of treatment.
Introduction
Systemic lupus erythematosus (SLE) is an immunological disorder for which different therapeutic regimens have already been recommended [1] . Severe cases of SLE are treated with high doses of steroid and cytotoxic drugs, especially if they have proliferative lupus nephritis. While these regimens can be effective, relapses do occur when the treatment periods are short. Moreover this treatment can result in an immunodeficient state and consequent life-threatening infections. Intravenous immunoglobulin 1 198 Med Principles Pract 2001; 10:197-203 Gupta/Nampoory/Johny/Costandi/Francis AZA = Azathioprine, PE = plasma exchange; NSAID = nonsteroidal anti-inflammatory drugs; CyA = cyclosporine.
(IVIg) is a standard therapeutic agent in different immunodeficiency states [2] . It is used regularly in the treatment of autoimmune diseases such as immune thrombocytopenic purpura, Kawasaki disease, Guillain-Barré syndrome and polymyositis [2, 3] . IVIg is an immunomodulating agent and is capable of modulating SLE in animal models and humans [3] . In addition it can enhance defense against infection. There are various reports on the use of IVIg in SLE. The majority of these studies were in subjects with mainly extrarenal manifestations [4] [5] [6] [7] [8] [9] [10] . We herein report our experience with IVIg therapy in 4 patients with resistant SLE and lupus nephritis. This is also the first report of successful treatment of autoimmune hemolytic anemia (AIHA) in IVIg to the best of our knowledge.
Materials and Methods

Subjects
During the past 7 years 4 patients with SLE and lupus nephritis were selected to receive IVIg. Inclusion criteria were: classified as SLE as per ARA criteria [11] , presence of severe extrarenal manifestations and severe lupus nephritis [7] . These patients were considered to have resistant lupus nephritis since they did not show adequate clinical and laboratory response to treatment with steroid, azathioprine and pulse cyclophosphamide in combination for a period not less than 1 year. All subjects had treatment with steroid (methylprednisolone pulse, 1 g daily for 3 days followed by oral prednisolone 60 mg daily tapered to 10 mg daily in 6 months). Azathioprine (3 mg/kg/day tapered to 1 mg/kg/day in 6 months), cyclophosphamide pulse (0.5-0.75 g/m 2 body surface area monthly for 3 months followed by once in 3 months for a total of 2 years only). Subjects with milder forms of renal and extrarenal SLE, advanced renal failure and cerebral lupus requiring plasma exchange were excluded from the study.
All subjects gave informed consent for the treatment. They were evaluated clinically in detail and recorded appropriately. Extrarenal manifestations were recorded in all the patients before and after IVIg therapy using the mean SLAM score, which registers 25 symptoms and organ manifestations with 7 nonimmunologic laboratory variables [12, 13] . The blood samples for hematological, biochemical and immunological tests were taken at different points of time, just before starting IVIg and thereafter once every 2 months. All subjects had urine microscopic examination and proteinuria measured at similar intervals.
Immunological Examination
Serum complements C3 and C4 were measured by nephelometry. Antinuclear antibodies and anti-DNA antibody were estimated by immunofluorescence antibody technique. ENA, SSA(Ro), SSB(La) and anticardiolipin antibody were measured by ELISA.
Renal biopsies were evaluated by a single pathologist. All renal biopsies were performed under ultrasound localization. Each core of renal tissue was examined fresh under a dissecting microscope and divided into three portions for routine histology, immunofluorescence and electron microscopy. Routine histological examinations were carried out on 5 paraffin sections stained with hematoxylin and eosin, periodic acid Schiff, Gomori's methenamine-silver and trichrome stains. Direct immunofluorescence for deposition of IgG, IgM, IgA, C3 complement and fibrin was performed on cryostat sections. These were then examined under an ultraviolet microscope to detect any immunoglobulin or complement deposition.
Intravenous Immunoglobulins
All patients were treated with IVIg at monthly intervals for 3 months followed by once every 3 months. Each course consisted of 2 g IVIg/kg body weight. The first dose was divided over 5 consecutive days and subsequent doses were given divided over 2 days. We used predominantly Intraglobulin f from Biotest Pharma, Germany. Each dose of IVIg was preceded by chlorpheniramine maleate 4 mg and methylprednisolone 100 mg as a prophylaxis against possible hypersensitivity reaction.
Results
Four subjects with resistant SLE and lupus nephritis underwent IVIg therapy. Table 1 shows demographic features and details of IVIg treatment in these patients. There were 3 females and 1 male with a mean age of 38 B 12 years. The mean duration of SLE prior to IVIg therapy was 120 B 80 months in these patients. All subjects were on prednisolone, azathioprine and cyclophosphamide pulse treatment regularly prior to starting IVIg treatment. In addition to the above therapy 3 patients had received plasma exchange, chloroquin and cyclosporine, respectively. All subjects continued to have severe extrarenal manifestations prior to initiation of IVIg therapy as shown in table 2. Severe lupus nephritis (WHO IV) with an activity index of 2:4 was found in the renal biopsies of these patients. Proteinuria ranged from 1.2 to 5.2 g/24 h (3.3 B 1.63 g/24 h) in these patients. All had microscopic hematuria. Hypoalbuminemia (24-30 g/l, 29.3 B 0.9 g) was present in all subjects with mild renal impairment (serum creatinine 73.8 B 13 Ìmol/l). All subjects had active lupus serology. The male patient had autoimmune hemolytic anemia (AIHA) and suffered several episodes of hemolytic crisis requiring large doses of steroid and repeated blood transfusions. Details of clinical, laboratory and histological improvements in these patients are shown in table 3. During follow-up periods ranging from 9 months to 7 years their extrarenal symptoms resolved. Serological activity decreased except for one parameter (low titers in 3 patients) of antinuclear antibody (table 3, fig. 1 ). The SLAM score significantly decreased. Proteinuria decreased significantly and serum albumin improved to 30-40 g/l after around 15 months from starting IVIg (fig. 2) . The renal function remained stable and normal ( fig. 3 ). Repeat renal histology in 2 female patients showed definite histological disappearance of active lesions ( fig. 4a,  b) . The subject with AIHA did not suffer any further relapses and hemoglobin remained above 110 g/l with maintenance therapy of only 10 mg prednisolone daily. 
Discussion
Use of IVIg in lupus nephritis has been infrequent [4, [7] [8] [9] , even though its successful outcome had been reported earlier. Lupus nephritis warrants aggressive forms of immunosuppressive therapy including drugs like cyclophosphamide and cyclosporine in addition to steroid. Certain severe forms of lupus nephritis will still show progression and fail to remit despite these measures. It its in this situation one might use drugs like IVIg [14] . Table 4 summarizes the literature on use of IVIg in SLE. It is clear that the majority have used this treatment for extrarenal manifestations with IVIg. Properly randomized studies with proper controls have not been carried out. SLAM scores have been used recently to evaluate clinical efficacy of IVIg. Levy et al. [8] reported 85% response rate using SLAM score after IVIg in 9 patients. As shown in this study certain clinical manifestations like fever, headache and arthralgia may respond better in patients treated with IVIg [8] . IVIg acts via a variety of mechanisms in different diseases. In congenital or acquired forms of hypogammaglobulinemia it substitutes and protects against infection by providing an adequate concentration of IgG. In autoimmune disorders it reduces immune activity by an interaction with Fc receptors on effector cells or by the presence of anti-idiotypic antibodies directed against idiotypes on circulating autoantibodies. IVIg may alter the number of T cell subsets, including an increased number of T suppressor cells. It can also promote solubilization of immune deposits. IVIg may contain neutralizing antibodies against staphylococcal toxin and streptococcal 'superantigens', which can bind simultaneously to MHC class I antigens and to the nonantigen binding region of T cell receptors [15] .
We report only on patients with severe and resistant lupus nephritis (WHO IV) with persistent and active extrarenal manifestations. We herein define resistance to treatment when there was a lack of response with steroids, intravenous cyclophosphamide pulses and azathioprine and/or cyclosporine for at least 1 year. All 4 subjects showed marked improvement and even disappearance of extrarenal symptoms as shown in table 2. We could not identify any particular extrarenal symptoms, which are more responsive to IVIg in all the study patients. As shown in table 2 and figures 2 and 3, all 4 patients had normalization of serum creatinine and serum albumin. In addition there were significant decreases in urinary protein excretion even though they remained above normal values. It is difficult to quantify the renal response to IVIg, but repeat biopsies done in 2 subjects did demonstrate marked diminution in lupus activity indices.
In 2 subjects repeat renal histology could not be studied due to lack of consent. Significant decrease in proteinuria, improvement in serum albumin levels and renal symptomatology as shown in table 2 and figure 2 denote success of IVIg treatment. In addition these subjects insisted on continuing this therapy due to marked improvement in their clinical status. Reduction of antibody levels and normalization of complement levels were reported with IVIg recently, but it was not consistent for several antibodies measured in the same patients [16] . We could not observe any significant serological improvement despite commendable clinical biochemical and histological remission. A larger group of patients is required in order to find more consistent correlation between autoantibodies and complements with response to IVIg therapy.
Treatment with IVIg is expensive and it is not indicated as a first-line therapy. Its use should be reserved for patients with resistant lupus nephritis with severe extrarenal manifestations There are no proper guidelines for withdrawal of IVIg therapy in these patients. However, we recommend that withdrawal may be considered once the patients achieve and are able to maintain symptomfree periods along with biochemical and immunological remission for a period of more than 1 year.
Standard first-line therapy of AIHA are corticosteroids. It is reported to respond in up to 80% of cases within 10 days of treatment [17, 18] . Second-line therapy includes splenectomy or other immunosuppressive drugs such as azathioprine. IVIg may be considered in subjects resistant to conventional forms of therapy. Our patient continued to have relapses of hemolysis despite adequate doses of steroid and azathioprine. Splenectomy was deferred and IVIg was started. He showed excellent response with this treatment with rise in hemoglobin and absence of hemolytic crises. IVIg is reported to have a major role in patients with warm type of AIHA that does not respond to corticosteroid similar to our subject [19] . Previous reports of lack of beneficial effect of IVIg in AIHA could be due to use of smaller doses [20] . Lack of response to conventional doses has been attributed in certain cases to the expansion of reticuloendothelial systems that is seen in patients with AIHA [21] .
Conclusion
IVIg has shown excellent therapeutic effect as an additional drug in the treatment of renal and extrarenal manifestations of SLE, which are resistant to other modalities of treatment.
